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We report on a new precision measurement of the longitudinal polarization of positrons emitted by polarized 107 In nuclei. If interpreted in the
framework of the manifest left-right symmetric model, preliminary results
yield a lower limit of 303 GeV/c2 for the mass of a possible, predominantly
right-handed W gauge boson.
PACS numbers: 23.40. Bw, 27.60. +j

1. Introduction
The standard electroweak model (SM) is very successful but has too
many free parameters and ad-hoc assumptions to be accepted as the “ultimate” description of nature. Parity violation, in particular, is “explained”
∗
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in the SM only by assuming a V-A structure in the Hamiltonian. The simplest extension that restores the parity-symmetry, is the manifest left-right
symmetric (MLRS) model [1]. Here, an additional charged gauge boson W2
is introduced which acquires a mass m2 higher than the mass m1 of the
observed gauge boson W1 . The two gauge-bosons are proposed to couple
with the same coupling constant g to the left- and right-handed fermions
according to the mixing scheme :
WL = W1 cos (ζ) + W2 sin (ζ) , WR = −W1 sin (ζ) + W2 cos (ζ)
In more general left-right symmetric (LRS) models [2] distinct left/right
coupling constants gL /gR and Cabibbo–Kobayashi–Maskawa (CKM) matrix
elements V L /V R are introduced.
2. Method and formalism
We report on a new measurement of the longitudinal polarization P of
positrons emitted by polarized 107 In nuclei in which the result of our previous
measurement [3] was improved significantly. This time, the longitudinal polarization of positrons emitted by polarized (P − ) and unpolarized nuclei(P 0 )
were compared. The polarization-asymmetry correlation R = P − /P 0 is potentially very sensitive to right-handed charged weak currents [4]. In the SM
(i.e. δ = ζ = 0) the ratio of the two positron polarizations is given by :
R0 ≡

¯
Θ− β 2 − (β̄ · JA)Ψ
P0−
=
¯
Θ0 β 2 (1 − β̄ · JA)
P00

with β = v/c the relative velocity of the positrons, J¯ the polarization and
A the β asymmetry parameter. The functions Θ and Ψ are solid angle integrals that take into account effects of the finite acceptance of our apparatus.
The value R0 can thus be obtained from a simultaneous measurement of
the mean positron velocity and the emission asymmetry. Any deviation of
the measured ratio from R0 would either reflect contributions beyond the
allowed approximation in nuclear β-decay (recoil effects), or indicate new
physics beyond the SM. In the MLRS model and neglecting recoil effects,
the ratio R can be written as:

R = R0 1 −


¯
4(β̄ · JA)Ψ
2
(δ + ζ)
¯
β 2 − (β̄ · JA)Ψ

with δ = (m1 /m2 )2 . This ratio R thus depends on the mass of a W2 boson.
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3. Experimental set-up
The β decay of 107 In (t1/2 = 32.4 m) is dominated by an allowed
→ 7/2+ pure GT transition with log f t = 5.65. A 107 at/s 107 In beam
from the LISOL separator coupled on-line to the CYCLONE cyclotron was
implanted into a Fe foil inside the KOOL on-line low temperature nuclear orientation setup, where the 107 In was polarized to ≈ 80% at a temperature of
≈ 11mK . By raising the temperature to 1K an unpolarised 107 In source was
obtained. The positrons emitted by the 107 In nuclei were energy selected
with a magnetic spectrometer and transported to a positron polarimeter.
This polarimeter is based on the method of time-resolved positronium hyperfine spectroscopy to determine the positron polarizations [5]. The technique relies on the fact that in a magnetic field the m = ±1 triplet (TR;
τ ≈ 129ns) substates of the Ps are not affected, while the singlet state and
the m = 0 triplet substate are perturbed by the field and mix, leading to a
pseudo-singlet (PS;τ ≤ 2.5ns) and a pseudo-triplet (PT; τ ≈ 7.5ns) state.
The population of the PS and PT states depends on the polarization P of
the positrons, the magnetic field B and on the relative direction of B̄ and P̄ .
Comparing the decay intensities of the PT states (region between 2.5 and 30
ns) for two opposite (p and a) field directions of the polarimeter magnetic
field, the polarization along the field axis can be determined. In figure 1
experimental Ps decay spectra are plotted for both field directions. Also,
the response function, obtained by replacing the MgO powder, in which the
Ps was formed, by an Al pellet in which all positrons annihilate directly, is
shown.

9/2+

Fig. 1. Experimental Ps decay spectrum and response function.
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4. Analysis
From the above it is clear that for this experiment, 3 quantities need
to be determined experimentally : the polarization ratio R = P − /P 0 , the
¯ and the positron velocity β. The latter was calbeta asymmetry β̄ · JA
culated on the basis of the momentum acceptance and calibration of the
spectrometer.The beta asymmetry was obtained from the intensity ratio
-after normalizing to the source intensity- of the triplet Ps state in the interval 80ns< t < 250ns for polarized and unpolarized nuclei. The positron
polarizations P − and P 0 are determined from the PT region in the Ps decay
spectrum.
The possible impact of systematic effects was determined by several calibration experiments. From measurements on a 68 Ga source, used with and
without backing on a rotatable sourceholder, we found that about 6% of the
count rate in the detector originates from scattered positrons. However, because scattering is mainly forward, the polarization-asymmetry correlation
is preserved. Errors arising from small time shifts in the Ps decay spectra
were taken into account by shifting the spectra.
Comparing the data from unpolarized nuclei in the different runs showed
that no significant changes due to different source positions were present.
Recoil effects were calculated using the formalism of Holstein [6], limiting
ourselves to contributions up to order 1/M, with M the mass off the daughter
nucleus. We found that (R/R0 )recoil = 0.9950(14) and all measurements
were corrected for this effect. Finally, calculations to allow correction for
the spin precession of the positrons are in progress. Estimates show this to
induce a minor effect only.
5. Results and discussion
The preliminary, weighted average result of all 13 runs carried out is
R/R0 = 0.9898(82). This value constitutes an improvement in precision of
more than a factor three compared to the previous result [3]. If interpreted
in the manifest left-right symmetric model it corresponds to a lower limit of
303GeV /c2 (90% C.L.; ζ = 0) for the mass of a charged WR gauge boson
with right-handed couplings. For comparison, the combined limit from all
the nuclear β-decay experiments is 320GeV /c2 (90% C.L.). The mass limits
from µ-decay ( m2 > 482GeV /c2 , 90% C.L.) [7] and direct searches (m2 >
720GeV /c2 , 95% C.L) [8] are superior if interpreted in the MLRS model. In
more general LRS models our result, however, is complementary to results
from other sectors in the weak interaction, as was shown in [9]. Note that
collider searches loose their sensitivity to a heavy W boson for masses below
100GeV /c2 .
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